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It is commonly accepted that tumour angiogenesis is a prerequisite for tumour growth. Angiogenesis is stimulated by angiogenic factors released by tumour cells, though other cells, such as tumour-associated macrophages, neutrophils, natural killer (NK) cells and dendritic cells also contribute towards increasing the angiogenic process in cancer
. Current opinion holds that native immune cells recruited into tumours in turn stimulate the endothelium and are responsible for an indirect pathway of tumour vascularization [2] , which is based on the observation that tumours are infiltrated by different leucocyte cell types. It is now becoming clear that the tumour microenvironment is largely orchestrated by inflammatory cells, which participate in the neoplastic process, fostering proliferation, survival and migration [3] . However, it is not known whether leucocyte cell types could arise from endothelial cells during their invasion into the tumour mass. [4] [5] [6] as well as into different haematopoietic lineages including leucocyte subtypes e.g. monocytes/macrophages [7] , T lymphocytes [8] , NK cells [9] , neutrophil cells [10] and dendritic cells [11] . It is meanwhile generally accepted that the haematopoietic cell lineage and the endothelial cell lineage derive from a common precursor the haemangioblast [12] . [14] . Gene 
Differentiating embryonic stem (ES) cells are increasingly emerging as an important source of haematopoietic progenitors with a potential to be useful for both basic and clinical research applications. During recent years it has been shown that pluripotent ES cells are capable to differentiate to the endothelial cell lineage
In mice, cell aggregates consisting of mesodermal cells originating from the primitive streak form blood islands within the yolk sac. The central cells within the blood islands differentiate towards primitive haematopoetic cells, whereas the peripheral cells differentiate into endothelial cells. Upon fusion of blood islands the first extra-embryonic vascular plexus is formed [13]. This early concept was corroborated by various studies performed on ES cells that demonstrated that early haematopoietic cells and angioblasts express a number of common genes, including Flt1 (vascular endothelial growth factor-R1 [VEGF-R1]), Flk-1 (VEGF-R2), Scl1, Tie1 and Tie2
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Results
Expression of vascular markers during differentiation of CGR8 ES cells
The present study was undertaken to characterize the time sequence of ES cell-derived vasculogenesis and leucocyte differentiation and to investigate their interdependence. To achieve these aims cell culture time-dependent expression of the endothelial markers PECAM-1 and VE-cadherin was investigated by real time RT-PCR ( Fig. 1) and compared to the expression of leucocyte-specific genes (Figs 2 and 3) . As previously described [18] 
, PECAM-1 expression was evident in undifferentiated ES cells but was down-regulated until day 4 of cell culture. From day 5 of cell culture PECAM-1 was again up-regulated with two peaks of expression occurring at days 8-9 and day 15-16, indicating an early-phase of vascular plexus formation and later phase of vascular remodelling. In contrast VE-cadherin was only marginally expressed during early stages of differentiation, i.e. from day 2 to day 5 of differentiation but followed a similar scheme of expression with two peaks at days 8-9 and day 15 comparably to the expression of PECAM-1.
Expression of CD45, CD14, CD11b, CD68 and Mac-1 during differentiation of CGR8 ES cells
To correlate the expression of endothelial cell markers and leucocyte cell markers mRNA expression of CD45, which is a pan leucocyte marker was investigated (Fig. 2A). In parallel immunohistochemical analysis of CD45
ϩ cells was performed (Fig. 2B ). Fig. 3C) and CD16 (Fig. 3D ), which were up-regulated from day 8 of cell culture and were constantly expressed until day 16 of cell culture. 
Fig. 4 Stimulation of the expression of the LPS receptor CD14 with LPS (A) and increase in CD68 ϩ cell numbers upon incubation with M-CSF (B). (A) mRNA expression of CD14 was investigated following treatment of 8-day-old embryoid bodies with different concentrations of LPS as indicated. The mRNA expression level of CD14 is presented in relation to the expression of the housekeeping gene Polymerase 2a. (B) Treatment with 250 ng/ml M-CSF significantly increased CD68
Induction of CD14 by LPS and stimulation of monocyte/macrophage differentiation by M-CSF
Expression of leucocyte-associated genes does not necessarily mean that functional cells are differentiated. To investigate cell function 8-day-old embryoid bodies were treated with LPS in increasing concentrations. Subsequently mRNA expression of the LPS receptor CD14
was assessed as a read out of leucocyte function (Fig. 4A, n ϭ 3 [19] . As shown in Fig. 6A -C (n ϭ 4) treatment with SU5416 (4 M) significantly reduced the cell number of cells positive for CD45 (see Fig. 6A ), CD68 (see Fig. 6B ) and neutrophil antigen (see Fig. 6C ), which strongly suggests that blood vessel development is necessary for proper leucocyte differentiation.
). It was evident that CD14 expression increased with the dose of LPS, indicating the occurrence of a physiological immunological inflammation reaction which is typically associated to an up-regulation of the CD14 LPS receptor following stimulation with LPS. To demonstrate cytokineinduced proliferation of macrophages embryoid bodies were treated with 250 ng/ml M-CSF from day 8 to day 10 of cell culture (Fig. 4B, n ϭ 3). It was evident that this treatment increased the cell area positive for CD68 expression cells approximately threefold, indicating that the cell system of embryoid bodies responded towards agents that are known to induce macrophage differentiation and proliferation.
Vasculogenesis of ES cells precedes monocyte/macrophage differentiation
Inhibition of leucocyte differentiation by anti-angiogenic treatment with SU5416
Increase in leucocyte numbers upon confrontation culture of ES cells with tumour tissue
Tumour growth is associated with angiogenesis and inflammation. It is known for several years that blood vessel and macrophage density increase simultaneously with pathological progression during tumour-induced angiogenesis [20] . Fig. 8C ). Interestingly confrontation culture was accompanied by a significant increase in CD68 ϩ (Fig. 8A, n ϭ 3 ) and CD45 ϩ (Fig. 8B, n ϭ 3 
